Abstract: The atmospheric methane concentration in ancient times can be reconstructed by analysing air entrapped in bubbles of polar ice sheets. We present results from an ice core from Central Greenland (Eurocore) covering the last 1000 years. We observe variations of about 70 ppbv around the mean pre-industrial level, which is confirmed at about 700 ppbv on a global average. According to our data, the beginning of the anthropogenic methane increase can be set between 1750 and 1800. Changes in the oxidizing capacity of the atmosphere may contribute significantly to the pre-industrial methane concentration variations, but changes in methane emissions probably play a dominant role. Since methane release depends on a host of influences it is difficult to specify clearly the reasons for these emission changes. In the framework of the Eurocore project, in 1989, an ice core of 304 meters was drilled electromechanically at Summit in Central Greenland (72.58øN, 37.64øW; mean annual temperature: -32øC, mean accumulation rate: 209 kg/me/yr). The absence of any drilling fluid and the low temperature make the core suitable for gas measurements. The core was dated with an accuracy of + 2 years by combining seasonal variations of fid and 81sO with electric conductivity measurements and chemical data. Acid layers of volcanic eruptions were used as timemarkers for cross-checking. The age difference between the ice and the mean age of the enclosed air is about 210 years. Due to the diffusive mixing in the firn the air in the bubbles has not a discrete age but an age distribution with a standard deviation of about 7 years [Schwander et al.,
Introduction
Methane is a radiatively and chemically active trace gas of the earth's atmosphere. Its atmospheric concentration has been measured continuously and directly since 1978 and shows an average increase of 0.8 to 1% per year [Blake and Rowland, 1988] 0004-8534/03/03GL-02414503.00 Rasmussen, 1989 ] but were not clearly resolved due to the large scatter of the data and problems in dating the air samples. This paper presents new results from two laboratories with an analytical precision and time resolution which allow the observation of features not seen before on the time scale of the last 1000 years.
In the framework of the Eurocore project, in 1989, an ice core of 304 meters was drilled electromechanically at Summit in Central Greenland (72.58øN, 37.64øW; mean annual temperature: -32øC, mean accumulation rate: 209 kg/me/yr). The absence of any drilling fluid and the low temperature make the core suitable for gas measurements. The core was dated with an accuracy of + 2 years by combining seasonal variations of fid and 81sO with electric conductivity measurements and chemical data. Acid layers of volcanic eruptions were used as timemarkers for cross-checking. The age difference between the ice and the mean age of the enclosed air is about 210 years. Due to the diffusive mixing in the firn the air in the bubbles has not a discrete age but an age distribution with a standard deviation of about 7 years .
Experiments
Since methane does not interact chemically with water, both dry and melt extraction methods are applicable. The measurements presented were carried out in two laboratories. In Grenoble a melt extraction technique was used and in Bern the gas was extracted with a dry extraction method.
For the melt extraction method an ice sample of about 40 g is placed in a glass vessel sealed with vacuum grease. The air surrounding the sample is evacuated, then the ice is melted. After that, the meltwater is slowly refrozen from the bottom, expelling close to 100% of the dissolved air. After refreezing, the extracted gas is expanded in an extraction line and injected in a gas chromatograph (GC) (Varian 3300) equipped with a flame ionization detector (FID). The extracted air is used for three injections. The measured methane concentrations have to be corrected due to a contamination in the extraction chamber. The correction is determined by calibration with standard gas added to gas-free ice. The overall accuracy estimated from calibration analyses (95% confidence interval, excluded the uncertainty due to the standard gas) is + 40 ppbv [Raynaud et al. 1988 ]. The system is calibrated using an air standard (Air Liquide) containing 1200 ñ 100 ppbv of CH 4.
The dry extractions have been performed with a newly developed milling device [Fuchs et al., 1993] . 10 to 15 g of ice are sealed in the extraction chamber which is continuously flushed with helium. When the air in the chamber is entirely replaced by helium, the ice is milled with a rotary cutter. The helium carries the gases escaping from the opened bubbles to a cryofocusing device (Porapack Q column, cooled to below -170 øC by liquid nitrogen) where they are stored until the injection into the GC (Hewlett Packard 5880 A, equipped with a FID) through thermal desorption. For calibration a standard gas with 980 ñ 30 ppbv (Messer Griessheim) of CH 4 is used. To estimate the analytical accuracy we carried out a calibration series by introducing standard gas into the mill in order to approximate a real extraction. From this series the 95% confidence interval for an analyses is + 28 ppbv (excluding the uncertainty due to the standard gas).
An independent check of the above-mentioned precision estimates is to look at the reproducibility of measurements performed at the same depth level in the ice. Samples on a given depth level are separated at most by 55 cm, corresponding to a difference of age of about 2 years and hence a negligible difference in composition of the air-bubbles. In both laboratories, generally two samples were analysed at each depth level (Table 1) . From the variance of the results we calculate mean 95% confidence intervals for single data points from each laboratory. We find + 40 ppbv for Grenoble and + 20 ppbv for Bern. This is within the statistical variation in good agreement with the analytical precision indicated above. 
